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Prior to 1950 very few scientific papers had been 
devoted to the parasitic copepod Mytilicola intesti- 
nalis Steuer. Early in this century Steuer discovered 
this parasite in mussels collected at Trieste. He de¬ 
scribed genus and species in detail and added some 
notes on its biology (Steuer, 1902, 1905). Shortly 
after, Pesta (1907) told us more about the develop¬ 
ment of its larvae. Next, there are some scattered 
records of its being detected here and there along 
the coastline of the Mediterranean, but never beyond 
that sea. Treatises on parasitic copepods or on mol- 
luscan parasites like those of Dollfus (1927), Monod 
and Dollfus (1932), van Oorde-de Lint and Schuur- 
mans Stekhoven (1936), and Pelseneer (1929) did 
not make mention of its occurrence along the coast¬ 
lines of Atlantic Ocean and North Sea. Pelseneer 
(1929) warned us, however, against too hasty con¬ 
clusions, since malacologists usually dit not look after 
parasites, whereas parasitologists had not yet made 
an overall survey of all potential molluscan hosts. 
Then Caspers (1939) found this parasite in mussels 
in the Eastfrisian coastal waters, and Ellenby (1947) 
recorded it from the Blyth estuary (Northumberland). 
Cole told us later (1951) that a single specimen had 
been found in Southampton as early as 1937, but that 
this finding had not been published. 

That 1950 was a turning point, and that many 
Mytilicola papers did appear in the next 15 years 
should not be ascribed to a sudden interest of taxo¬ 
nomists, parasitologists or zoogeographers in parasitic 
copepods, but merely to its becoming a species of 
great — be it negative — economical importance. The 
disaster which struck the thus far flourishing Zealand 
mussel industry through a regular explosion of My¬ 
tilicola (Korrinca, 1950) sounded a warning, and the 
colloquy held at Paris, February 8-9, 1951, led to a 
concerted attack on the gaps in our knowledge of 


the biology of this species and of the interrelation¬ 
ships between the parasite Mytilicola intestinalis and 
its host, the mussel, Mytilus edulis. 

The more important points in question can be for¬ 
mulated as follows: 

(A) Is Mytilicola intestinalis really the causative 
agent of the dramatic events in Zealand, and of the 
extensive mussel mortalities observed in the coastal 
waters of East Frisia, and later in the Whitstable 
area? 

(B) Should the observed explosion of Mytilicola 
be considered as of epidemic (epizootic) nature, or is 
Mytilicola a new intruder in the waters of Western 
Europe? In the first case its realm will probably be 
of short duration, whereas in the second case it may 
never disappear again, like has been observed after 
the intrusion of several marine organisms in European 
waters. 

(C) If Mytilicola is an intruder, where did it come 
from, and why did we never hear about its deleterious 
activities there? How did it spread to its new environ¬ 
ment and where can we expect its arrival in the near 
future? 

(D) What is the ecological range of Mytilicola 
intestinalis and which ecological factors limit its dis¬ 
tribution and abundance? 

(E) Why is the present distribution of Mytilicola 
intestinalis of such a disjunct nature and why did 
Mytilicola, despite its pelagic larvae, not yet reach 
all the major mussel beds of Europe? What can this 
teach us for the proper management of our mussel 
industries? 



48 


P. KORRINGA 


A critical appraisal of all the information published 
since that fatal year 1950, supplemented by my own 
practical experience in this field, leads me to formula¬ 
tion of the following answers to the questions listed 
above: 

(A) Dollfus (1951) was virtually the only scien¬ 
tist who pleaded “not guilty” for Mytilicola intestina- 
lis. But we can hardly blame him: he was so fond of 
parasitic copepods that he simply could not bear the 
thought of their doing serious harm to, or even kill, 
other creatures. Faced with the facts, especially with 
the results of physiological investigations carried out 
by Meyer and Mann (1950, 1951), Dollfus admitted 
reluctantly that Mytilicola could lead to loss of con¬ 
dition and weakening of its host, but he insisted that 
the final blow, which leads to death of the host, 
should be ascribed to an unknown pathogenic agent 
invading mussels of reduced resistance. 

We know now that this oannot be true. Many in¬ 
vestigators demonstrated that Mytilicola does affect 
its host adversely and that proportional to the number 
of parasites per host (Andreu, 1963; Brienne, 1964; 
Chew et al., 1965 ( Mytilicola orientalis in Crassostrea 
gigas); Cole and Savage, 1951; Korringa, 1950, 
1952, 1954; Meyer and Mann, 1950, 1952; Odlaug, 
1946 ( Myticola orientalis in Ostrea lurida )). Using an 
accurate method to determine the condition index of 
mussels (Korringa, 1955) I demonstrated myself (Kon- 
ringa, 1951, 1952) how sensitive the Dutch mussels 
are: even the effect of one single parasite per host was 
measurable, and the condition appeared to decrease 
proportionally to the number of parasites per mussel. 
Andreu (1960) even expressed this in a formula: the 
fresh weight of a shucked mussel is according to him 
8.98 — 0.0943 X the number of parasites; but we 
should consider that this formula cannot have an 
overall validity; it varies with the size of the mussels, 
the activity of the parasite as determined by water 
temperature and by the general feeding conditions 
for the mussel. 

That neither Genovese (1959) nor Hrs-Brenko 
(1964) could demonstrate a clear-cut effect of My¬ 
tilicola on the condition of its host does not prove 
that the Mediterranean mussel ( Mytilus galloprovin- 
cialis) does not suffer at all from this parasite. Had 
they used larger samples and more heavily infested 
mussels, and had they analysed those with more ac¬ 
curate methods to determine the condition index, they 
would no doubt have found an adverse effect of the 
parasite on its host. The possibility should, however, 
not be excluded that the Mediterranean mussel shows 
a different degree of vulnerability than the Atlantic 


mussel. This not in the sense that copepodids of My¬ 
tilicola would more readily penetrate the Atlantic 
mussels than the Mediterranean ones, but rather in 
terms of Lambert’s supposition (1951) that Mytilus 
galloprovincialis might in the course of time have 
developed anti-bodies against the toxins exuded by 
Mytilicola. Careful physiological observations might 
demonstrate that, but the lean mussels, bearing sev¬ 
eral parasites we saw in the Etang de Berre and in 
the Grau d’Agde (Korringa and Lambert, 1951) in¬ 
dicate already that the difference in sensitivity be¬ 
tween Atlantic and Mediterranean mussels cannot be 
very great 

For the same reason Wilson (1938) could not 
measure the effect of Mytilicola orientalis on Crasso¬ 
strea gigas, but later workers (Chew et al., 1965) did 
demonstrate that a somewhat heavier infestation does 
adversely affect the condition of that oyster. 

That also the growth of mussels is closely related 
with the degree of infestation has been demonstrated 
(Korringa, 1953). Theisen (1965) tells us of a distinct 
growth ring indicating in Limfjord mussels the period 
of heavy infestation with Mytilicola. 

The physiological observations by Meyer and 
Mann (1950, 1952) and Meyer-Waarden and Mann 
(1954a) clearly demonstrate what really happens: even 
in case of light infestations the filtration rate is 
reduced so that less food can be collected, whereas 
the metabolic rate increases, as demonstrated by a 
growing oxygen consumption. In severe cases the 
mussels become extremely lean, and death may fol¬ 
low (Korringa, 1950, 1952; Waugh, 1954). This latter 
especially when the mussels are 100% infested and 
carry on an average 10 or more parasites each, and 
this at rather high water temperatures. But the most 
remarkable thing is that as soon as the number of 
parasites diminishes or low water temperatures reduce 
their activity, even the leanest mussels, at first sight 
in moribund condition, recover. This would not be 
the case when pathogenic agents other than Mytili¬ 
cola invaded the lean mussels rendered vulnerable by 
Mytilicda’s attack (Korringa, 1952, 1954, 1957). 
Several authors assert that the mussels suffer defi¬ 
nitely less under for them favourable conditions: 
plenty of food, water poor in silt, low water tempera¬ 
tures (Anon., 1956; Hefper, 1955; Korringa, 1954a). 

Just how Mytilicola exerts such a deleterious effect 
on its host is not precisely known. Fleury et al. 
(1951) and Lambert (1952) assume that Mytilicola 
excretes some toxic substance which exerts an ill ef¬ 
fect on the host, as do so many parasites. The better 
the general ecological conditions for the host, the less 
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they will suffer from the toxins, and the more vigorous 
the activity of the parasite at higher water tempera¬ 
tures, the more serious the effects. 

It is interesting to mention here that very young 
mussels (usually under 20 mm in shell length) rarely 
or never carry Mytilicola in their intestinal tract, and 
that in the same lot of mussels the number of para¬ 
sites is usually proportional to the shell length 
(Andreu, 1960; Grainger, 1951). This latter could 
easily be explained in terms of the volume of water 
filtered by individual mussels of different size. 

(B) When Caspers found Mytilicola in the Ger¬ 
man Wattenmeer, he thought that this species might 
have been overlooked there thitherto. Meyer and 
Mann, carrying out Mytilicola investigations in the 
German coastal waters since 1950, have repeatedly 
stressed their opinion that Mytilicola intestinalis is 
autochthonous on the European coastlines of the At¬ 
lantic Ocean and in the North Sea, but that it normal¬ 
ly occurs so sparsely that it never drew the attention 
of taxonomists, naturalists, and fisheries biologists. 
The numbers found in the Biisum and Friedrichskoog 
area, due East of the Elbe estuary (1 to 2% of the 
mussels infested, usually with 1 parasite each) should 
represent the normal level, incapable to do any harm 
to the mussels. The mass-development observed in the 
Eastfrisian Wattenmeer in 1950 and 1951 is accord¬ 
ing to them of truly epidemic (epizootic) nature. A 
rare combination of some ecological factors must have 
favoured Mytilicola's reproduction so much that its 
population suddenly reached a level endangering the 
well-being of the mussels. These epidemic features of 
Mytilicola’s mass-development warrants that its realm 
will be of short duration only. Within a few years at 
most, the Mytilicola population will have dropped to 
its old inconspicuous level, and soon the mussel pop¬ 
ulation in the German Wattenmeer will be back on 
its former high level (Meyer, 1951; Meyer and Mann 
1950, 1951, 1952; Meyer-Waarden, 1953; Meyer- 
Waarden and Mann, 1954, 1954b). 

It is true, that lack of data is no proof that a cer¬ 
tain organism does not occur in a given place, es¬ 
pecially not in inconspicuous organisms like intestinal 
parasites. Since mussels have been used on a large 
scale for biological laboratory work, especially in 
England (from the very Blyth estuary where Mytili¬ 
cola was found by Ellenby in 19471) and Holland, it 
seems strange, however, that no one ever found the 
blood-red Mytilicola there. Where thousands of mus¬ 
sels have been opened and cut up year after year for 
sanitary control purposes, as in Holland, it is incred¬ 
ible that Mytilicola would never have been observed 


during those practices had Mytilicola occurred there 
in even a low percentage of the mussels (Korringa, 
1951). 

It is also true, that some marine organisms with an 
inconspicuously low level of population density may 
suddenly appear in incredible numbers, apparently 
because a given combination of environmental fac¬ 
tors accidentely favoured their reproduction. We have 
seen this in the coastal waters of Holland and Ger¬ 
many in the year 1965 in the Bryozoan Electra 
pilosa. Such tremendous fluctuations in population 
density can be expected in species which have a very 
narrow ecological amplitude in at least part of their 
life cycle. It always concerns species with small but 
very numerous eggs. 

Mytilicola is not such a species; it has relatively few 
(200 to 300) eggs of fairly large size. The eggs con¬ 
tain so much yolk that the pelagic larvae can develop 
into copepodids without uptake of food (Grainger, 
1951). Moreover Mytilicola has a very wide ecological 
range in all its developmental stages. It needs not wait 
for a very special set of ecological factors to be able 
to reproduce profusely. Since 1950 it reproduces year 
after year with considerable success in the Zealand 
estuaries and in the Eastfrisian Wattenmeer, but has 
hitherto never been seen in the Dutch Waddensea 
west of Ameland and in the Schleswig-Holstein waters 
north of Biisum, though we do not know of any en¬ 
vironmental conditions basically different there. 

Time gave the correct answer to the assumption of 
Meyer-Waarden and Mann; their forecast that My¬ 
tilicola would soon drop again to its original low level 
in Zealand and in the German Wattenmeer did not 
come true! Mytilicola may fluctuate somewhat from 
year to year, but as long as there were plenty of 
mussels, their population never dropped to a really 
low level since the year 19501 

The transplantation experiments described by 
Meyer-Waarden and Mann (1954b) simply demon¬ 
strate that any parasite-free mussels brought into the 
infested Jade estuary soon get their share of parasites, 
and their observation in Italy (1954a) that the local 
mussels in the Lago di Ganzirri (Sicily) did not be¬ 
come infested after introduction of a commercial con¬ 
signment of Mytilicola -bearing mussels from La 
Spezia is not at all an argument in favour of the 
epidemical nature of Mytilicola ’s mass-developments 
elsewhere. They describe themselves the rather ab¬ 
normal hydrographical conditions in this lagoon which 
no doubt will unfavourably affect all pelagic larvae. 

It is interesting to note how Meyer-Waarden and 
Mann halt between two opinions. The supposed epi- 
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demical character of Mytilicola’s local mass-occur¬ 
rence would render it perfectly safe to transplant in¬ 
fested mussels to areas where evidently conditions 
do not favour the development of the parasite, and 
they really advocate this for Italy, based on their 
observations in the Lago di Ganzirri (1954b). In Ger¬ 
many, however, they did everything within their 
power to prevent transplantation of infested mussels 
to the Schleswig-Holstein waters, where Mytilicola 
does not occur at all. This is an excellent management 
pattern in my opinion, but it does not tally at all with 
the supposed epidemical nature of Mytilicola’s 
flourishing. 

Considering the prolonged duration of Mytilicola’s 
mass-development in Zealand and in the Eastfrisian 
Wattenmeer, and its complete absence in many other 
important mussel areas in the immediate vicinity, I 
have every reason to reaffirm my opinion (Korringa, 
1950, 1951, 1951a, 1951b) that Mytilicola is a new 
intruder in the waters of western Europe and that we 
cannot count on its rapid disappearance or on its 
population dropping to an insignificant level. Where 
Mytilicola does occur in a very limited percentage of 
the mussels only, it does not really thrive there. It 
can only persist in those places through a repeated 
influx of pelagic larvae from nearby centres with 
heavier infestation. A real colonization is only possible 
where quite a few male and female Mytilicola’s of 
about the same age meet each other inside their 
hosts, and this is impossible at infestation rates of 
1 and 2% only. 

I therefore agree with Havinga (1951) that Mytili¬ 
cola intestinalis is a new intruder in the coastal waters 
of western Europe, following Crepidtila fornicata, 
Petricola pholadiformis, Eriocheir sinensis, Urosalpinx 
cinerea, and Elminius modestus. We will never get 
rid again of any of those! 

(C) It is not always easy to trace the path new 
intruders followed, but in case of Mytilicola’s invasion 
in Zealand it is quite evident that Zealand mussel 
farmers are to blame for it. Some of them have il¬ 
legally fished mussels on the Ranzelwatt, south of the 
Isle of Borkum, in the early spring of 1948. These 
mussels have been relaid in the Zandkreek, a rather 
narrow body of water with very limited flushing and 
a heavy population of mussels. One could not have 
thought of a better place to put them if one wanted 
to promote Mytilicola’s development! The Ranzelwatt 
mussels were at that time already heavily infested 
with Mytilicola, but neither the Zealand mussel farm¬ 
ers nor the Dutch fishery authorities knew that in 
1948! 


As early as 1949 Mytilicola’s population rose alarm¬ 
ingly in the Zandkreek, leading to mortality of the 
mussels in September, and from there spread all over 
the Zealand mussel plots, which process has been 
closely followed, but could not be stopped. I launched 
the hypothesis (Korringa, 1950) that Mytilicola is not 
authochthonous in the German Wattenmeer but that 
it must have been brought there in mussels attached 
to ship’s hulls from the Mediterranean, where it oc¬ 
curs naturally in many a place. We later found My¬ 
tilicola in mussels attached to ship’s hulls in Mediter¬ 
ranean ports (Korringa and Lambert, 1951) and the 
observations made by several investigators on the 
British Isles fully confirm that Mytilicola is easily 
transported this way. It has repeatedly been stated 
that especially ships brought to ship breaking yards 
are vehicles for a variety of fouling organisms. Since 
ship breaking yards are usually situated in estuaries 
and inlets with a limited flushing, Mytilicola gets a 
fair chance to invade eventual local mussel popula¬ 
tions (Anon., 1966; Bolster, 1954; Bull, personal 
communication; Grainger, 1951; Hockley, 1951; 
Thomas, 1954). The peculiar disjunct distribution of 
Mytilicola in British, Irish, and Scottish waters can 
easily be explained that way. Therefore, transporta¬ 
tion of Mytilicola to the German coastal area in mus¬ 
sels attached to ship’s hulls in some year preceding 
1939 seems quite plausible. In the ’thirties ships 
often stayed long in ports, and Wilhelmshaven, Cux- 
haven and some other ports nearby natural mussel 
beds will then certainly have seen heavily fouled 
ships coming in. 

Shipping is, however, only one way Mytilicola can 
travel. We have already seen that shiploads of My- 
tilicola-iniested mussels are sometimes transferred to 
mussels beds elsewhere. Leloup (1951) tells us that 
Mytilicola was brought to the Bassin de Chasse at 
Ostend with infested Dutch mussels, and Lambert 
(1951) recorded that the same holds good for the 
Rade de Brest (France) where Crepidula arrived the 
same way, at the same time. Frequent and almost un¬ 
controllable transportation of young mussels and con- 
consumption mussels along and to the coasts of Fran¬ 
ce saw to a rapid expansion of Mytilicola’s range 
there. Lambert (1951), Brienne (1960, 1962, 1964) 
and Brienne and Pairain (1966) inform us on the 
whereabouts of Mytilicola along the French coastlines 
in the course of time. 

It is important to note here that although the mus¬ 
sel, Mytilus edulis, is the major host of Mytilicola 
intestinalis, some other molluscs may become infested 
too, be it, as a rule, less heavily than the mussel. 
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Baird et al. (1951) found it in oysters, and I found it 
repeatedly in Oosterschelde oysters myself. Chew et 
al. (1964) state that Mytilicola orientalis is neither 
very selective in searching a host This latter parasite 
has been found in several species of molluscs on the 
American Pacific coast, and it has once been imported 
from Japan in consignments of oysters (Wilson, 
1938). I feel therefore sure that Mytilicola’ s sudden 
arrival in the western sector of the Limf jord (Theisen, 
1964) had something to do with importation of Zea¬ 
land oysters for relaying. Any places where fouled 
ships come in and any sites where living shellfish, in¬ 
cluded mussels used for bait, originating from other 
localities, may be thrown in the water, can expect 
some day Mytilicola s arrival. 

The third way Mytilicola travels is by means of its 
own pelagic larvae. But this does not bring it very 
far. Only where a nearly uninterrupted bed of mus¬ 
sels makes it easy to find a host, Mytilicola will spread 
without difficulty. As soon as obstacles such as a 
large river or a zone devoid of mussels have to be 
cleared, Mytilicola usually fails. Some larvae may get 
across safely, but even if they find a host there, the 
chance of meeting a specimen of the opposite sex in 
the intestinal tract of the same host is very limited, 
indeed. Without that nothing happens, and since My- 
tilicola’s life span is quite short, it soon dies in vir¬ 
ginal state. To both sides of an area of high popula¬ 
tion density we may observe such intrusion zones, 
where a few parasites find a host, but which do not 
easily develop into a focus of colonization. 

The question remains why Mytilicola never made 
so much havoc among the Mediterranean mussels that 
complaints were heard. It has been assumed that 
Mytikis galloprovincialis could have become more 
resistant to this parasite in the course of time (Fleury 
et al., 1951), but there is as yet little evidence to 
support that view. Laboratory experiments carried 
out with both Mytilus edulis and Mytilus galloprovin¬ 
cialis failed to show such a natural immunity of the 
latter species (Hepper, 1955). Until it has been de¬ 
monstrated that the Mediterranean mussel suffers less 
from Mytdicola’s presence in its intestinal tract than 
the Atlantic mussel, I am inclined to ascribe the ab¬ 
sence of complaints in the first place to the smaller 
chances Mytilicola gets in the Mediterranean centres 
of mussel culture to build up a dense population. 
Usually, mussels are grown there in hanging cultures 
and are therefore already considerably less vulnerable 
than mussels grown on the bottom — as will be ex¬ 
plained below — and further, growth is rapid in the 
Mediterranean area and mussels usually are in a given 


season quantitatively brought to the market, often 
leaving the culture areas completely devoid of adult 
mussels for a couple of months. This makes it vir¬ 
tually impossible for Mytilicola to build up a dense 
population by several generations in sequence. It 
usually has to start all over again from a limited 
parent stock at the beginning of the new growth 
season (Korringa and Lambert, 1951). 

(D) Without any doubt Mytilicola intestinalis’ 
ecological range is very wide in all its developmental 
stages. For the sake of clearness I will deal with 
several ecological factors one by one. 

As far as water temperature is concerned, Mytili¬ 
cola is by no means a sensitive creature. It has been 
kept under laboratory conditions for 36 hours at 
30°C., and survived (Fleury et al., 1951). It is not 
killed by prolonged periods of low water temperature. 
It survived several severe winters in the Eastfrisian 
Wattenmeer (a.o. 1939-1940, 1940-1941, 1941-1942, 
1946-1947, 1955-1956, 1962-1963). During the last 
mentioned winter the sea water was in the Ooster¬ 
schelde (Holland) for over 70 days in succession 
—1.4°C. the freezing point of sea water of the local 
salinity. No sign that this did hurt Mytilicola. It may 
seem amazing that a species orginating from the 
Mediterranean can survive such low water tempera¬ 
tures, but the natural distribution of a species re¬ 
flects by no means its potential range (Korringa, 
1951). The larvae too are a quite hardy breed. In 
laboratory experiments they survived after having 
been kept at 0° C. for 4 days (Bolster, 1954). In 
nature they will not be faced with such low water 
temperatures, for reproductive activities (hatching of 
eggs, development of nauplii) have not been observed 
at water temperatures lower than about 7° C. From 
that level upwards the larvae will develop (Heldt, 
1950). Grainger (1951) reports that development to 
the first copepodid requires only some 40 hours at 
13 to 14° C., but that this process is considerably 
slower at about 9° C. In nature active reproduction 
and invasion of mussels with young parasites has 
been observed from 7° C. upwards. Therefore, no 
clear-cut seasonal pattern in reproduction can be ob¬ 
served in waters where temperatures fluctuate be¬ 
tween 10° and 18° C. throughout the year as in 
Galicia (Andreu, 1963). Brienne’s note (1964) that 
reproduction of Mytilicola requires a water temper- 
utre of 18° to 20° C. must be erroneous. 

As far as salinity is concerned Mytilicola is certainly 
a hardier creature than its host, the mussel. It can 
stand a very wide range of salinities, from slightly 
brackish water to salinities so high that they rarely 
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occur in nature (Fleury et al., 1951; Korringa, 1951). 
But not only adult Mytilicola’s can survive in such 
a wide range of salinities. Its larvae too are far from 
sensitive in this respect. Meyer and Mann (1950) 
reported that the pelagic larvae of Mytilicola survive 
at salinities as low as 3°/oo! Bolster (1954) reared the 
larvae succesfully at salinities between 20 and 35°/oo, 
though the best results were obtained at the higher 
salinities. Considering this wide range of salinities, it 
is the more surprising that several authors claim that 
Mytilicola seems to prefer a somewhat reduced sa¬ 
linity, and that it does not thrive at salinities prevailing 
in open sea (Bolster, 1954; Hepper, 1955; Vilela 
and Monteiro, 1960). This conclusion is based on 
the unmistakable fact that in estuaries Mytilicola 
flourishes especially in the middle section. Lower 
infestation rates are found both further upriver and 
in the downriver section of the estuary, close to the 
open sea. This phenomenon has, however, nothing 
to do with a salinity preference as such, but is 
brought about by the numbers of Mytilicola larvae 
passing over the mussels per 24 hours, which deter¬ 
mines infection hazards. Andreu (1963) saw clearly 
that it is not a preference for reduced salinities which 
makes Mytilicola abound inside the estuaries. 

Not many data are available on oxygen require¬ 
ments (Fleury et al., 1951), but everyone who has 
carried out laboratory experiments with Mytilicola 
can confirm that it can stand very low oxygen levels 
for a prolonged period, which is not surprising for an 
intestinal parasite with red blood pigmentation. A 
sojourn out of water, which forces the mussel to 
switch over to an anaerobic style of living does not 
seem to harm Mytilicola at all, it does not suffer when 
its host is already moribund. The pelagic larvae do 
not yet possess the red pigment which might render 
them more exacting in this respect than the adult 
parasites. 

Food is often the limiting factor in early develop¬ 
mental phases of many marine organisms. Laboratory 
experiments have demonstrated that it is easy to rear 
the larvae of Mytilicola and to make them infect a 
host without offering any food at all. Grainger (1951) 
states therefore that the pelagic larvae need no food 
at all. Evidently the rather large eggs contain suf¬ 
ficient yolk to cover the needs of the early develop¬ 
mental stages. 

Light is a factor of little importance in this species, 
which is not surprising for an intestinal parasite. In¬ 
teresting is, however, that the nauplii show a positive 
phototaxis (Hockley, 1951; Meyer and Mann, 1950). 
This can promote their distribution by tidal currents, 


which show higher velocities in the surface layers. 
The first copepodid reveals, however, a marked ten¬ 
dency to move to deeper water layers, this rather by 
geotaxis than by negative phototaxis. 

This typical reaction of the copepodid brings the 
factor depth into the picture. Mytilicola larvae move 
to the bottom layers in search of a host. The result 
of this behaviour is that the mussels occurring directly 
on the bottom become more heavily infected than 
those living in higher water layers. Therefore, mus¬ 
sels attached to poles or rocks reveal a lower degree 
of infestation than those not raised from the bottom 
under otherwise exactly the same conditions, whereas 
mussels attached to floating objects, such as buoys, 
are usually almost free of parasites (Caspers, 1939; 
Hepper, 1955; Hockley, 1951; Marteil, 1960; 
Meyer and Mann, 1950) Therefore “bouchot” and 
raft culture systems will render better results in My- 
tilicola-mfcsted areas. Hence a recommendation 
(Anon., 1956) to experiment with mussel “bouchots” 
in England. 

The remarkable fact that on one and the same 
mussel plot the rate of infestation is distinctly higher 
in a deeper section than on a shallower part, even 
when the latter is never exposed at low tide (Kor¬ 
ringa, 1954) should be explained in terms of the 
number of larvae descending to the bottom from the 
layers of water above them. If the larvae are quite 
evenly distributed, as can be expected in an area 
with rather strong tidal currents, there are more of 
them above a deeper bottom section than above a 
shallow part close by. The effect of water depth has 
been noted by other authors too (Monteiro and 
Figuf.irf.do, 1959). 

Water currents are also of considerable influence 
on the whereabouts of Mytilicola larvae. Andreu 
(1963) tells us that in the hanging cultures of Galicia 
the infestation rate is about the same at all depths 
where strong currents prevail. Evidently the larvae 
are quite evenly distributed there. Where currents 
are slower there is a marked tendency for heavier in¬ 
festation in the mussels attached to the lower ends 
of the ropes. 

That tidal currents and flushing pattern do affect 
the distribution pattern of Mytilicola is not surprising. 
In the seaward section of an estuary the water car¬ 
rying Mytilicola larvae is considerably diluted with 
water from the open sea, free of Mytilicola cope- 
podids. Therefore, mussels living in that section of 
the estuary are less liable to become infected than 
those higher up in the estuary. In the upriver section 
of the estuary, on the other hand, where a river 
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exerts its influence, the mussels will part of the time 
(roundabout low water) be bathed in water devoid 
of copepodids. Therefore this section does also show 
a lower infectation rate. If it concerns an inlet or an 
estuary with very limited influx of river water, the 
section furthest away from the sea may show the 
highest infestation with Mytilicola (Andreu, 1960). 
On open coastlines Mytilicola larvae will easily be 
carried away by the currents to an area where no 
mussels occur. If the mussels are moreover attached 
to rocks close to the surface of the sea, they usually 
escape heavy infestation. This pattern offers a simple 
explanation for the many observations that Mytili- 
cola abounds in middle sections of estuaries, in ports 
and inlets, in partly enclosed sheltered areas with 
limited flushing, but that it is always less numerous 
in mussels on open coastlines and in seaward sections 
of inlets and estuaries (Andreu, 1960; Brienne, 1964; 
Marteil, 1955; Meyer-Waarden and Mann, 1954b; 
Monteiro and Figueiredo, 1961; Vilela and Mon- 
teiro, 1958, 1960). 

It has sometimes been stated that wave action and 
strong currents would endanger the pelagic larvae of 
Mytilicola and/or would make it difficult for them 
to find a host. Meyer-Waarden and Mann (1954a, 
1954b) assume that therefore mussels on the open 
rocky coasts of Italy never carry many parasites. 
Bocquet and Stock (1957) surmise that the larvae 
will be endangered where strong currents and 
breaking waves prevail, which would explain the 
lower degree of infestation on more exposed sections 
of the coast of Brittany as compared with more 
sheltered places, but in a footnote they make a change 
of front and explain that the dilution with offshore 
water will reduce the concentration of larvae con¬ 
siderably in the more open sections, and that this 
may lead to lower levels of infestation there. Boc¬ 
quet & Stock’s idea that the degree of infection is 
inversely related to the degree of exposition, was sta¬ 
tistically proved by Kleeton (1963) for Trochicola, 
a genus related to Mytilicola. She demonstrated that 
around a small island in the Bay of Morlaix (France), 
statistically significant differences existed in the per¬ 
centages of hosts infested, although the numbers of 
larvae per cubic unit of sea water is presumably alike 
all around the island. The numbers of larvae per unit 
of water have, however, not been ascertained. The 
more exposed belt has a significantly lower infection 
percentage than the more sheltered side of the island. 

I agree, however, with Andreu (1960) who states that 
current velocity as such is not the factor bringing 


about the typical distribution pattern in an estuary 
or inlet. 

Of other environmental factors mention can be 
made of pollution. Caspers already wondered whether 
slightly polluted water would not favour Mytilicola. 
Leaving aside whether an intestinal parasite can 
notice slight pollution of the water in which its host 
is bathed, we can answer Caspers that high infection 
rates often coincide with reduced salinities and pol¬ 
lution in many ports and estuaries, but that flourish¬ 
ing of Mytilicola is not in causal relation with these 
factors. 

It is interesting to note here Key’s observation 
(1965) that Mytilicola larvae are easily killed by free 
chlorine (15 min. at 5 p.p.m.), whereas adult Mytili¬ 
cola’ s need a higher dosis. Free chlorine is not found 
in natural sea-water, but this information is useful 
when volumes of water in storage tanks must be des- 
infected before being discharged into the open water. 

It is good to note in the ecological section of this 
paper that the rather short life-span of Mytilicola 
sometimes makes it difficult to keep up a high popu¬ 
lation level. Observations in the Dutch mussel dis¬ 
tricts led me to the conclusion that 9 to 10 months 
is the main life-span here, included several cold 
winter months. Where water temperatures are higher, 
the life-span is definitely shorter. Andreu (1963) car¬ 
ried out transplantation experiments and found that 
many Mytilicola’s had already disappeared 3 months 
after transplantation, and that virtually all of them 
were dead after 6 months. It can be concluded that 
the life-span evidently is shorter than 6 months in 
Galicia. Though under favourable conditions Mytili¬ 
cola will produce the first batch of eggs when only 
7 weeks old (Koeringa, 1954, 1954a), the short life¬ 
span may account for considerable fluctuations in 
population density in the course of the year. That 
in the Zealand waters Mytilicola produces either 2 
or 3 generations per year, according to a late or early 
onset of spring, is of course of considerable effect on 
the population density in late summer (Korringa, 
1952). 

Unfortunately, we are still rather poorly informed 
about the factors of influence at the moment a cope- 
podid invades a host. At present most authors assume 
that the larvae are passively carried into the branchial 
chamber of the host with the water the filter feeders 
draw in. This makes it rather difficult to understand 
why they occur in so much greater numbers in mus¬ 
sels than in other filter feeding molluses though My¬ 
tilicola is not fully host-specific. Hepper’s laboratory 
experiments (1953) demonstrate that Mytilicola can 
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settle and develop in the intestinal tract of Mijtilus, 
Ostrea, Cardium, Paphia, and even Crepidula as 
filter feeding Gastropod, but not in ScTobictdaria, 
Chlamys, Pecten, and Macoma. Meyer and Mann 
(1950) could not find any chemotaxic reaction of the 
larvae on more or less diluted mussel juice. Bocquet 
and Stock (1963) surmise that the host in which the 
mother lives may condition the larvae in such a way 
that they will actively search for the same biochemical 
atmosphere when selecting a host. Carton (1963, 
1964, 1966a, 1966b) amply demonstrated such bio¬ 
chemical influence on copepod larvae of the genera 
Sabelliphilus and Lichomolgus, using Davenport’s 
classical experimental method. However this may be, 
there is not yet sufficient experimental evidence to 
understand why most of Mytilicolas larvae enter 
mussels, and only few of them other filterfeeding 
molluscs. Another interesting question is why My- 
tilicolds often are not distributed over a certain 
batch of mussels according to the probability curve. 
Even at rather low infestation percentages one may 
find an occasional mussel carrying many more para¬ 
sites than their congeners of similar size and back¬ 
ground. This must have something to do with the 
behaviour of the larvae when searching for a host. 
Do they congregate in some manner or is there some 
chemical or other attraction which makes them decide 
where to enter? 

(E) We are well informed about the evolution of 
Mytilicola in western Europe in recent years through 
the concerted action of fisheries biologists in several 
countries (Andreu, 1960, 1963, 1965; Brienne, 1960, 
1962, 1964; Brienne and Pairain, 1966; Figueihf.do, 
1961; Leloup, 1960; Leloup and Lefevere, 1952; 
Marteel, 1955, 1960; Mason, 1961; Theisen, 1965; 
Thomas, 1954; Vilela and Monteiro, 1958; Waugh 
1954). Leloup’s paper (1960) is accompanied by a 
map which gives a good overall picture of the ob¬ 
servations up to that year. The map presented in the 
leaflet entitled “Protecting British Shellfisheries” 
(Anon., 1966) gives in a thick black line the coasts 
where Mytilicola is present now, but the disjunction 
of its spreading within this area is insufficiently 
shown. Moreover, the Schleswig-Holstein coastline 
should still be considered as completely free of My¬ 
tilicola from Biisum up to the Limfjord. How My¬ 
tilicola slowly spread in western direction from the 
Eastfrisian Wattenmeer by sending its pelagic larvae 
along with the tidal currents has been told in a series 
of papers (Korringa, 1952a, 1953, 1954). It finally 
managed to settle in sufficient numbers behind the 
eastermost islands in the Dutch Waddensea to estab¬ 


lish new, selfsupporting colonies, and since then 
threatens to invade the western section of the Wad¬ 
densea, where mussel farming is carried out on a 
large scale. The boundary is now the western tip 
of the isle of Ameland. 

It is clearly understood now why Mytilicola is not 
present in overwhelming numbers in all mussels living 
on the coastlines it reached on ship’s hulls or hidden 
in shellfish transferred to other areas. Mytilicola has 
a very wide ecological amplitude, but the limiting 
factor is that a male and a female of the same devel¬ 
opmental stage must meet in the intestinal tract of 
one and the same host before reproduction can take 
place. Since Mytilicola’s life-span is short, a single 
specimen cannot wait long for the arrival of a mate. 
Since the numbers of eggs produced are moreover 
remarkably low for a parasite, the large number of 
copepodid larvae required for a successful invasion 
of a new area can only be expected where consider¬ 
able quantities of infested mussels occur, and where 
water currents will preclude too great a dilution of 
the larvae before the new hosts are reached. The extent 
of the production of larvae, which depends on the 
number of mated adult parasites in the area under 
consideration, the dispersal of the larvae with tidal 
and other currents, and the availability of hosts, 
preferably on or close to the bottom, together with its 
short life-span, are the factors limiting Mytilicola’ s 
numbers and bringing about considerable fluctuations 
in its population density, not only from place to place, 
but also from month to month, and from year to year 
(Andreu, 1963; Bolster, 1954; Grainger, 1951; 
Hockley, 1951; Korringa, 1952, 1954; Marteil, 
1960). 

Though very heavy infestations can lead to poor 
condition and even to death of the host, it is very 
well possible to continue the cultivation of mussels in 
presence of this parasite. One has to think in quan¬ 
titative terms, and to see that the production of My¬ 
tilicola larvae is kept within bounds, and to preclude 
that too many of the larvae produced find a host. 
This means in practical terms that the extent of the 
production of mussels for the market should be re¬ 
stricted and adjusted to local hydrographical condi¬ 
tions, that the mussels should sojourn as short as pos¬ 
sible in the dangerous area, that where growth is fast 
the older generation of mussels should be taken away 
quantitatively before putting the new generation of 
mussels into the water, that mussel farming raised 
from the bottom should be practised where possible, 
and that too dense concentrations of mussels should 
be avoided. Advise and instructions along these lines 
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have been given in several countries (Andreu, 1963, 
1965; Brienne, 1964; Korringa, 1954a; Moreau and 
Trochon, 1964). 

Where Mytilicola does not yet occur, all possible 
efforts should be made to avoid its introduction on 
the fouled hulls of vessels or with consignments of 
infested shellfish from elsewhere. It seems that broad 
estuaries, like that of Elbe and Rhine, form an ex¬ 
cellent obstacle for its spreading, but also stretches of 
coast devoid of mussels are barriers which are dif¬ 
ficult to surmount. 

Mytilicola s distribution has much in common with 
that of another intruder, Crepidula fornicata, and in 
several cases both of them even travelled together! 

A realistic attitude, stating frankly that once My¬ 
tilicola arrives there is little chance of getting rid of 
it again, is in the interest of the shellfish industry 
greatly to be preferred above dissemination of the 
view that fluctuations in natural conditions are to 
blame for mass-development of pests like Mytilicola 
and Crepidula , and to forecast that they will disap¬ 
pear again in due course. In the field of fisheries such 
cases of wishful thinking, obscuring man’s own dele¬ 
terious effect on the stocks of fish and shellfish, have 
too often led to delay in carrying out the necessary 
scientific investigations and to frame methods of 
control before it is too late. 

SUMMARY 

Critical appraisal of the literature data on Mytilicola 


intestinalis , combined with personal experience in 
this field, led to formulation of answers on a series 
of questions re the ecology and distribution of the 
parasitic copepod Mytilicola intestinalis Steuer. 

It is confirmed that Mytilicola has been the caus¬ 
ative agent in extensive mussel mortalities. The ex¬ 
plosion of Mytilicola in several places on the coast¬ 
lines of North Sea and Atlantic Ocean should be ex¬ 
plained in terms of Mytilicola being a new intruder 
in these waters. There is no ground for the view that 
a special set of ecological conditions saw to the ex¬ 
plosive development of the autochthonous species 
Mytilicola intestinalis, normally existing in small 
numbers only. 

Mytilicola intestinalis has a wide ecological range 
in all phases of its life cycle. The number of hosts 
living in a given volume of water, together with the 
amount of flushing of that water, is the main factor 
governing the number of parasites per host. Since 
two individuals of opposite sex have to meet in the 
intestinal tract of one and the same host, some 
scattered pelagic larvae cannot easily lead to estab¬ 
lishment of a new focus of infection. Stretches of 
coast devoid of mussels form an almost unsurmount- 
able barrier against the natural spreading of this 
parasite. It is usually man, through his multiple ac¬ 
tivities, who should be held responsible for the in¬ 
vasion of mussel areas previously devoid of Mytili¬ 
cola intestinalis. 
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